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(Purpose) To provide a printed wiring board that enables miniaturization 
and high density. 

(Constitution) A metal foil on one side of which an electronic component is 
electrically connected is disposed within a cavity of a molding die in such a 
manner that an electronic component mounting surface faces an inner side 
of the cavity, followed by injecting a molding material made of a 
thermosetting resin therein and curing the same. 
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Specification 

1. Title of the Invention 

5 METHOD OF MANUFACTURING PRINTED WIRING BOARD 

2. Claim 
[Claim 1] 

A method of manufacturing a printed wiring board, comprising the 
10 step of : disposing a metal foil on one side of which an electronic component 
is electrically connected within a cavity of a molding die in such a manner 
that an electronic component mounting surface faces an inner side of the 
cavity, followed by injecting a molding material made of a thermosetting 
resin therein and curing the same. 

15 

3. Detailed Description of the Invention 
(Field of Industrial Application) 

The present invention particularly relates to a printed wiring board 
that is used for equipment requiring miniaturization and high density. 

20 

(Prior Art) 

In order to enable miniaturized and high-density electronic 
equipment, it is important to minimize the space occupied by electronic 
components and a board that constitute a circuit. Regarding the electronic 

25 components, the development of the miniaturized and low-profiled 
electronic components has been progressed as can be seen from 
surface-mount type electronic components. Furthermore, regarding a 
board on which components are to be mounted, a flexible printed wiring 
board has been used conventionally. The flexible printed wiring board is 

30 obtained by forming a conductive pattern on a flexible film. Since the 
board itself is thin and can be bent, this board allows the effective use of 
narrow space. However, a base film of the flexible printed wiring board is 
required to have heat-resisting properties, and therefore expensive resins 
such as polyimide are used. Additionally, since the film has flexibility, 

35 there remains a problem concerning the stability during the mounting 
process of components and after the assembly into the equipment. 
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Meanwhile, there are methods in which a plurality of boards on each of 
which components are mounted are laminated to form a multilayered board 
with the components embedded therein in order to achieve the miniaturized 
and high-density board (e.g., JP H2- 164096 A and JP H444296 A) and in 
5 which components are embedded in a case of electronic equipment (e.g., JP 
S57-50494A). 

(Problems to be Solved by the Invention) 

According to the former method, holes should be bored in the board 

10 where the components are to be embedded, which requires processing such 
as spot facing. Such complicated boring is disadvantageous in terms of the 
cost. Furthermore, since the components are to be connected to an internal 
layer circuit, at least one or more internal layers are required, which 
complicates the manufacturing process. According to the latter method, 

15 the conductive pattern that is formed by plating is transferred to the board, 
and therefore this plating process is required. Furthermore, since the 
conductive layer is formed only on one side, the density of the circuit is 
equal to that of a one-side printed wiring board. Therefore, with the 
foregoing in mind, it is an object of the present invention to provide a 

20 printed wiring board that enables miniaturization and high-density. 

(Means to Solve the Problems) 

The present invention relates to a method of manufacturing a printed 
wiring board, comprising the step of- disposing a metal foil on one side of 

25 which an electronic component is electrically connected within a cavity of a 
molding die in such a manner that an electronic component mounting 
surface faces an inner side of the cavity, followed by injecting a molding 
material made of a thermosetting resin therein and curing the same. Now 
referring to Fig. 1, the present invention will be described below in detail. 

30 Figs. l(a) to (c) show an example of a method of manufacturing a 

printed wiring board of the present invention. First of all, as shown in Fig. 
l(a), electronic components 2 are connected and fixed onto a metal foil 1 
using a connecting material 3. Next, as shown in Fig. l(b), the metal foil is 
disposed within a cavity 6 made up of an upper die 4 and a lower die 5 in 

35 such a manner that a component mounting surface faces an inner side of the 
cavity, followed by injecting a molding material made of a thermosetting 
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resin and curing the same. In this way, a printed wiring board can be 
obtained as shown in Fig. l(c), in which the components are inserted in the 
insulative resin 7. The metal foil is a conductor functioning as a surface 
circuit, and is not limited especially. Although any metal foil may be used 
5 depending on the application, a copper foil used for general printed wiring 
boards is preferable in terms of the electrical connecting properties, the 
circuit formation properties and the cost. The thickness of the foil may be 
selected appropriately as needed. The shape of the metal foil is not limited 
especially, and it may have the same size as the board as a whole, or may be 

10 arranged partially at a plurality of positions. On a surface of such a metal 
foil on which the electronic components are to be mounted, a protective 
coating such as solder resist may be formed at portions except for the 
portions to which leads of the electronic components or the like are to be 
connected. Moreover, rough processing may be performed on portions of 

15 the metal foil contacting with the insulative resin, or a treatment with a 
coupling agent or an adhesive may be performed on the portions so as to 
allow the enhancement of the adhesion with the insulative resin. 

The electronic components mounted on the metal foil are not limited 
especially and surface-mount type components, e.g., active elements such as 

20 ICs encapsulated on a surface-mount type package, transistors, diodes and 
passive elements such as chip resistors, chip capacitors and chip inductors 
are preferable. In addition, a metal wiring and a metal board that are a 
part of the wiring, bare chips such as not-encapsulated ICs and transistors 
may be mounted thereon. Although the size of these electronic components 

25 is not limited especially, components thinner than the thickness of the board 
allow a flat board to be obtained. Furthermore, in the case where 
components with thicknesses not more than half of the thickness of the 
board are used, the lamination can be conducted in the direction of the 
thickness of the board, which can enhance the mounting density. 

30 As the connecting material that connects the electronic components 

with the metal foil, a general solder, conductive paste or the like may be 
used. In the case where a semiconductor element is mounted in a bare chip 
state, a connecting wire made of gold and aluminum (bonding wire) may be 
used, or bumps made of gold, palladium, solder and the like may be used for 

35 the connection. The shape of the cavity of the molding die for molding the 
board is not limited especially, and any shape may be adopted as long as the 
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molding can be conducted. In the case where a circuit is formed or 
assembling is performed with respect to the board obtained from the method 
of the present invention by the same process as for the conventional board, a 
planar cavity is preferable. 
5 The insulative resin is a cured molding material made of a 

thermosetting resin. As the thermosetting resin, any resins such as phenol 
resin, epoxy resin, polyimide resin, unsaturated polyester resin and triazine 
resin may be used, and several types of resins may be used together. 
Especially, a system in which phenol resin is mixed as a curing agent with 

10 epoxy resin has excellent heat-resisting properties and electrical properties. 
Furthermore, a proper amount of additives such as a hardening accelerator 
that accelerates the curing reaction, a fire retardant that assigns fire 
retardant properties, a coloring agent and a release agent may be mixed to 
these resins as needed. 

15 Various fillers may be mixed with these resin groups so as to allow 

the enhancement of thermal conductivity and the matching of thermal 
expansion coefficient with the inserted components. For example, powders 
of inorganics such as fused silica, crystalline silica, alumina and silicon 
nitride or organics such as silicone and Teflon may be used, which may be 

20 used alone or several types of them may be used together. The particle 

diameter of the fillers may be any one as long as they do not clog the gate of 
the molding die, and the shape of them may be any one. Although the 
mixing amount of the filler is not limited especially, the range of 20 to 80 
volume% is preferable in terms of the melting viscosity of the resin 

25 component and thermal expansion coefficients of the cured material. When 
the filler is mixed, a coupling agent typified by silane based coupling agents 
may be added so as to enhance the adhesion with the resin. Regarding the 
molding method, general molding methods of molding materials can be used, 
including cast, transfer molding, injection molding, compression molding 

30 and the like. Heat and pressure may be applied if needed. Fig. l(d) shows 
an example where a plating through hole and a circuit pattern are formed 
and components are mounted with respect to the printed wiring board 
obtained from the method of the present invention. 

35 (Effects) 

According to the printed wiring board obtained from the method of 

6 



JP 5-299808 A 



the present invention, since electronic components are inserted in the 
insulative resin, a mounting density that is twice the mounting density of a 
conventional board can be obtained at the maximum. Furthermore, since 
the insulative resin is a cured molding material made of a thermosetting 
5 resin, excellent heat-resisting properties can be obtained. Moreover, the 
use of the molding material can eliminate the boring process such as spot 
facing for inserting the components. 

(Working Example) 

10 The following describes the present invention by way of working 

examples, but the present invention is not limited to the following working 
examples. 



Working Example 1 

15 ESCN-195 (trade name, produced by * 100 parts by weight 

Sumitomo Chemical Co., Ltd. o cresol 
novolac type epoxy resin) 

HP-800N (trade name, produced by 
20 HITACHI CHEM CO LTD, phenolic novolac resin) : 50 parts by weight 



Alumina powder • 950 parts by weight 

Epoxy silane coupling agent * 3 parts by weight 

25 

Triphenylphosphine : 5 parts by weight 

Carbon black coloring agent : 1 part by weight 

30 The above-mentioned compounds were sufficiently kneaded to 

obtain a thermosetting molding material. Meanwhile, as shown in Fig. l(a), 
a creamy solder was applied at predetermined positions of a copper foil of 35 
|im in thickness, and an IC encapsulated on a surface-mount type package 
of 1 mm in thickness (model name TSOP, JEDEC outline), a chip resistor of 

35 0.6 mm in thickness (3216 size, JIS outline), a chip capacitor of 0.7 mm in 
thickness ( 3216 size, JIS outline) were mounted, followed by reflow 
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soldering so as to connect and fix the components. Two of such metal foils 
were prepared, and as shown in Fig. l(b), they were disposed within a die 
having a cavity of 0.8 mm in depth on upper and lower sides so that their 
component mounting surfaces faced the inner side of the cavity. Then, the 
5 above-mentioned molding material was transferred and molded at 175°C 
for 90 seconds by means of transfer press, followed by curing at 175°C for 5 
hours, whereby a double-sided copper coated board of 1.6 mm in thickness 
and of 100 mm per side was obtained as shown in Fig. l(c). 

10 Comparative Example 1 

A glass cloth of 0.2 mm in thickness was impregnated with 
dicyandiamide curing system epoxy resin varnish, followed by drying so as 
to obtain a prepreg. Eight pieces of these were laminated and a copper foil 
that was used for Working Example 1 was disposed on each surface of the 

15 lamination. Then, heat and pressure were applied thereto for molding at 
170°C for 90 minutes by means of press, whereby a copper coated laminated 
board of 1.67 mm in thickness was obtained. 

A circuit pattern was formed on the thus obtained board as shown 
in Fig. l(d), and surface-mount type components that were used for 

20 Working Example 1 were mounted on surface circuits on the surface and 
rear face thereof. Then, the number of mounted components in the 
direction of the thickness of the board was determined so as to evaluate the 
mounting density. Table 1 shows the results. 

25 [Table l] 



Evaluation Results 



Inserted components 


The number of mounted components 
in thickness direction 


Components 


Thickness (mm) 


Working Ex. 1 


Comparative Ex. 1 


TSOP 


1.0 


3 


2 


Chip resistor 


0.6 


4 


2 


Chip capacitor 


0.7 


4 


2 



As is evident from Table 1, the mounting density of Working 
Example 1 was improved by 1.5 to 2 times, and therefore the higher density 
30 that was the objective of the present invention could be achieved. 
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(Effects of the Invention) 

As is evident from the above description, the method of 
manufacturing a printed wiring board of the present invention allows 
electronic components to be embedded in an insulative layer of a board, thus 
5 enabling the miniaturization and high-density of electronic equipment, and 
therefore this method has great industrial significance. 

4. Brief Description of Drawings 

[Fig. l] (a) to (c) are cross-sectional views showing the manufacturing 
10 process of a printed wiring board of the present invention, and (d) is a 

cross-sectional view showing the application example of the board that is 
obtained from the method of the present invention. 

(Explanation of letters or numerals) 

15 1 metal foil 

2 electronic component 

3 connecting material 

4 upper die 

5 lower die 
20 6 cavity 

7 insulative resin 
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